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Anticoagulants in pregnancy

Celia M Oakley

Increased concentration of circulating clot-
ting factors, faster platelet turnover, and
reduced fibrinolytic activity all contribute to
the hypercoagulable state in pregnancy.' 2 The
thrombotic tendency is offset by an increased
cardiac output and more rapid circulation
time but the risk of leg vein thrombosis,3 left
atrial thromboembolism in mitral stenosis,
and thrombosis on prosthetic cardiac valves is
increased.4

Anticoagulant drugs are essential for the
prevention of potentially fatal maternal
thromboembolic events and the indication for
these drugs must therefore be the same in
pregnancy as outside it, despite possible risks
to the fetus. Controversy continues concern-
ing the magnitude of these risks and the
choice and usage of anticoagulants in preg-
nancy.

count as well as thromboembolic complica-
tions in 50% of patients and heparin should
be stopped. The overall incidence of throm-
bocytopenia seems to be reduced with the
low molecular weight heparins that cause less
platelet aggregation. Heparin can also induce
osteoporosis when it used long term. The
mechanism of this is unknown. It has been
reported most often in pregnant women per-
haps because they are more likely to have had
long-term treatment. Other side effects
include hypersensitivity such as urticaria,
bronchospasm, and anaphylaxis.
The dose is judged by the activated partial

thromboplastin time (APTT), the kaolin
cephalin clotting time, or the plasma heparin
concentration. The frequency of testing
depends on the route of administration and
type of heparin, and regular blood counts are
required to detect thrombocytopenia.

Heparin5
Heparin is a natural water soluble
mucopolysaccharide first introduced for clini-
cal use nearly 80 years ago to prevent postop-
erative thrombosis. Commercial heparins are
obtained from porcine gut or bovine lung
tissue and have molecular weights of up
to 40 000 daltons. Low molecular weight
heparins of only 3200-6500 daltons were
introduced in the hope of reducing adverse
side effects. Heparin does not cross the pla-
centa but needs to be given parenterally and
its antithrombotic effect is difficult to main-
tain without bleeding complications.
The dose of heparin required to prevent

arterial thrombosis or prosthetic valve throm-
bosis is higher than that needed to prevent
venous thromboembolism. With long-term
treatment there is a risk of haemorrhage. Side
effects include thrombocytopenia, particularly
if bovine heparin is used. Two types of
thrombocytopenia occur. The first, occurring
3-5 days after treatment starts, is usually
transient, the patient is symptom free, and
the platelet count often returns to normal
despite continuing heparin treatmnent.
Although this thrombocytopenia is thought to
be caused by heparin induced platelet aggre-
gation, it is rarely associated with throm-
boembolism. The second type of
thrombocytopenia, which develops after
about 6 days of treatment, is more serious. It
often results in a profound fall in the platelet

Oral anticoagulants5
Dicoumarol causes bleeding in cattle that eat
improperly cured sweet clover hay. Several
new coumarins have been synthesised-war-
farin is the most frequently used. Warfarin
acts by inducing a functional deficiency of
reduced vitamin K. The coumarin oral anti-
coagulants have a bad reputation in preg-
nancy because skeletal abnormality and
central nervous system defects were reported
in some of the infants of mothers given such
drugs during early pregnancy. Warfarin may
cause "coumarin embryopathy"6 (chondro-
dysplasia punctata) if prescribed in the first
trimester. In addition there is a risk of intra-
cerebral bleeding caused by fetal overdosage.
It has a stronger anticoagulant effect in the
fetus than in the mother because the imma-
ture fetal liver produces low concentrations of
vitamin K dependent clotting factors and
because the maternal procoagulant factors are
too large to cross the placenta. The risk to the
fetus is dose dependent and therefore will
vary with the highly variable maternal dose
requirement.

Venous thrombosis
The increased blood volume in pregnancy is
mainly accommodated in dilated veins.7
Venous return from the legs is slowed espe-
cially in later pregnancy and cardiac output is
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reduced in the supine position because the
inferior vena cava is compressed by the
uterus. This contributes to the development
of varicose veins, pedal oedema, and venous
thrombosis. The increased risk of venous
thrombosis persists for up to a month post-
partum and the thromboembolic risk is
higher after caesarean delivery.'

Every calf vein thrombosis carries a risk of
pulmonary embolism by extension into the
larger proximal veins and in one early report
when anticoagulants were not used maternal
mortality was 15%.8 The need for anticoagu-
lants is underlined by another study which
showed that women with previous deep vein
thrombosis or pulmonary embolism had a
12% risk of recurrence.9

Calf vein thrombosis may be treated with
short-term heparin but recurrence, ileo-
femoral thrombosis, or pulmonary embolism
in pregnancy need longer term treatment.
Full anticoagulant doses of heparin in hospi-
tal are usually followed by prophylactic
dosage throughout the remainder of the preg-
nancy.'0 The risk of extension of venous
thrombosis is high after heparin is stopped
because fibrin-bound thrombin is not inacti-
vated and continues to exert its procoagulant
effect.

Rheumatic heart disease
Most patients with rheumatic heart disease
are young and therefore still in sinus rhythm
when they become pregnant. Only a few are
in atrial fibrillation with large left atria that
require chronic oral anticoagulant treatment.
Patients who are in stable sinus rhythm with
no history of previous atrial fibrillation are
not given anticoagulants but patients with
mitral stenosis run an increased risk of left
atrial thrombus formation in pregnancy
despite maintenance of sinus rhythm.

Prosthetic valves
In patients with cardiac valve prostheses preg-
nancy increases the risk of thromboembolic
complications."l-29 Such women need scrupu-
lous treatment with anticoagulants. The risk
is greater for mechanical valves and for mitral
valves compared with aortic valves. Women
with bioprostheses are also at risk,'0 particu-
larly if they are in atrial fibrillation or have
large left atria or a history of thromboem-
bolism. The appearance of spontaneous echo
contrast ("smoke") within the left atrium is
evidence of an increased thromboembolic
risk.31

Patients with all currently available
mechanical valves require lifelong anticoagu-
lation but there are considerable differences
in thrombogenicity among the various pros-
theses. Even bioprostheses are affected by
thrombus deposition, showing a gradation of
thrombogenicity from homografts and pul-
monary autografts through pericardial valves
to porcine valves. The risk of thrombosis also
varies with the site of attachment of the pros-
thesis (tricuspid, mitral, or aortic-in that

order) and with the level of anticoagulation."2
Major bleeding complications in non-preg-

nant patients with prosthetic valves are more
common in the United States, where the dose
is higher, than in the United Kingdom and
Europe.2"33 Most of the conventional North
American thromboplastins have an
International Sensitivity Index (ISI) of
between 1-7 and 2-8. This means that the
International Normalised Ratio (INR), which
is equivalent to a prothrombin time (PT)
ratio of 1-8, lies between 2-7 and 5-2 and PT
ratios between these limits might be equiva-
lent to INRs between 5-0 and 10-0. These
differences make the early reports of oral anti-
coagulants during pregnancy impossible to
interpret. Most later personal series have
come from countries with a continuing high
incidence of rheumatic heart disease where
good anticoagulant control is often difficult.
The risk of fetal damage caused by

coumarin drugs given in pregnancy has prob-
ably been exaggerated3436 and it is likely that
disaster rather than success determined the
reporting of anecdotal cases. Salazar's group,
from the National Institute of Cardiology in
Mexico, looked at the maternal and fetal
complications of giving a subcutaneous fixed
dose of heparin (5000 units every 12 hours)
in the first trimester and last two weeks of
pregnancy.22 23 Three of their patients had
massive thrombosis of the prosthetic valve,
two in the first trimester and one in the
immediate postpartum period. The incidence
of spontaneous abortion was just as high in
23 patients transferred to heparin from the
sixth to the twelfth week (12 from only the
seventh week) as in 37 pregnancies in which
coumarin continued throughout. No
coumarin embryopathies were seen in the
infants of women who were treated with
heparin from the sixth to the twelfth week but
two out of eight live born infants whose
mothers had received heparin from seventh to
twelfth week were affected, as were eight out
of 27 live born infants of mothers treated with
coumarin until the last two weeks of preg-
nancy. These children, however, were
assessed by a clinical geneticist who found
facial defects such as slight nasal hypoplasia:
no children had epiphyseal stippling, central
nervous system abnormalities, or optic
atrophy.
Ben Ismail et al reported the difficulties of

achieving accurate anticoagulation in
Tunisia.'8 Two out of five women given
heparin had thromboembolic episodes and
three had spontaneous abortions. Oral antico-
agulants were given during 53 pregnancies:
there were eight spontaneous abortions but
no embryopathies. Ben Ismail et al did not
think that use of heparin in the first trimester
was justified.

Forty seven pregnancies in 37 patients with
prosthetic valves were reported from India.27
Oral anticoagulants were continued through-
out pregnancy and replaced by heparin before
labour. Forty infants were born at full term
and three were premature. There were two
spontaneous abortions, one stillbirth, and one
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ectopic pregnancy-a total fetal mortality of
8-5%. Valve thrombosis developed in two
patients but surgical intervention was suc-
cessful in both and one of the pregnancies
continued to term. There were no embry-
opathies.

Sareli et al reported no maternal throm-
boembolic complications or deaths among 49
South African patients with 60 mechanical
valves who were treated with warfarin.37
Because of late presentation no patient had
received heparin in the first trimester: in 23
heparin replaced warfarin at 36 weeks and
there was one stillbirth. The remaining 18
patients went into labour prematurely while
they were still taking warfarin: there were six
stillbirths. Two warfarin embryopathies were
seen (4%) with nasal hypoplasia in both
infants and stippled epiphyses in one. Two
neonatal deaths were caused by intracranial
haemorrhage in premature babies whose
mothers were still taking warfarin (INR 4-2
and 3 2). The high incidence of premature
labour and low birth weight was similar to
that already reported in valve disease. There
was no relation between haemodynamic sta-
tus and fetal outcome. Sareli et al concluded
that with the new generation mechanical
valves (Medtronic Hall and St. Jude Medical)
the maternal risk is low and, although fetal
wastage is high, the risk of malformation in
live born infants is low.
No major cardiac centre in the western

world sees enough young women with pros-
thetic valves to be able to gain a large experi-
ence of the use of oral anticoagulants in
pregnancy under optimal circumstances. The
reports from the developing world have been
encouraging and results are likely to be even
better with improved anticoagulant manage-
ment. Experience with mechanical valves in
pregnancy has been reduced in North
America and in Europe by selection of bio-
prostheses in young women as well as by cau-
tioning women with mechanical heart valves
against pregnancy.
Two recent European surveys have com-

pared the outcome with different regimens of
warfarin or heparin.'839 The limitations of the
surveys were that they were retrospective (by
questionnaire) and so may have been biased
and that the levels of anticoagulation actually
achieved could not be fully assessed; how-
ever, the quality of anticoagulant control was
likely to have been high. Sbarouni and I
found 14 valve thromboses among 133
patients with mechanical valves: 11 occurred
during heparin treatment, two during war-
farin, and one while no anticoagulant was
being taken.38 There were major complica-
tions from either bleeding or thrombosis in
16 of the 34 pregnancies treated with heparin
throughout.'8 In Hanania et aPs study 10
mechanical valve thromboses were reported
among 108 mechanical valves.'9 Six of the
patients were on heparin, two were unsatis-
factorily controlled on an oral anticoagulant,
and two were not on any anticoagulant at the
time. The thromboembolic risk was 4-5 times
higher for women on heparin than for women

taking an oral anticoagulant. Wang et al
reported five thromboembolic events in ten
patients treated with subcutaneous heparin
(5000 intravenously twice a day) during the
first trimester. Iturbe-Alessio et al, Larrea et
al, and Vitali et al also reported valve throm-
boses, all occurring while their patients were
on heparin (in three, three, and two cases,
respectively, with five deaths).20 23 25

Transfer from oral anticoagulants to
heparin in pregnancy has been widely advo-
cated4044 but no published series justifies this
practice. Low dose heparin carries a grave
risk of valve thrombosis whereas high doses
over a long period when the patient cannot be
retained in hospital for observation carry a
risk of serious maternal haemorrhage and a
considerable risk of fetal death or prematurity
caused by retroplacental haemorrhage. It is
virtually impossible to achieve continuous
anticoagulant control within the very narrow
therapeutic index of heparin, which is less
safe and less effective than warfarin in
preventing valve complications during
pregnancy.

Revised US recommendations published in
199245 still advise discontinuing oral antico-
agulants during the first trimester and paric-
ularly during the sixth to twelfth weeks of
gestation when the fetal skeleton is believed
to be most vulnerable to the teratogenic
effects of oral anticoagulants. Prolongation of
the APTT to one and a half times control
(sub-therapeutic) was advised (but since then
the recommendation has increased to at least
twice the control46) using an adjusted dose of
subcutaneous heparin until the thirteenth
week of gestation, re-starting warfarin until
the middle of the third trimester with subcu-
taneous heparin recommended until delivery.
It seems clear, however, that any period with-
out warfarin puts a pregnant woman with a
mechanical prosthesis at risk from valve
thrombosis, a complication that can result in
the death of both mother and fetus.
No embryopathies were recognised in

studies of 36,38 22'9, 53,18 and and 4727
women who took warfarin throughout preg-
nancy or during the first trimester and the
risk of coumarin induced malformation has
been estimated to be under 5% based on inci-
dences of between 4% and 79%.20 23 37 If
Cotrufo et al are correct, women with a low
dose requirement (less than 5 mg warfarin)
may be at little risk.47 Cotrufo et al go further
by suggesting that elective caesarean section
at 38 weeks (with only brief interruption of
warfarin therapy) would avoid the need for
administration of intravenous heparin in hos-
pital while waiting for spontaneous labour to
start. This approach offers a better chance of
a healthy child than a normal delivery and
avoids 2 to 3 weeks of heparin treatment.
The reported incidence of spontaneous

abortion in women taking oral anticoagulants
throughout pregnancy varies widely, probably
because of incomplete reporting, with rates of
between 4.2%18 and almost 50%25 being
cited. Ayan found no difference in fetal
wastage between their heparin and their
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coumarin treated patients.48 Lee et al found a
50% incidence of abortion with subcutaneous
heparin even when treatment was adjusted to
an APTT of 1-5 as recommended in the
United States.24 The changes in coagulation
factors during pregnancy demand high doses
of heparin49 and the higher doses now recom-
mended in the United States increase the
danger of bleeding.

In pregnant women who are treated
scrupulously the risks of thromboembolic
events are probably no greater than reported
in the non-pregnant population with mechan-
ical heart valves and the view has been
expressed that in asymptomatic or mildly
symptomatic patients with prosthetic heart
valves who are willing and able to follow a
strict regimen of medical care, pregnancy is
not associated with increased morbidity in the
mother or fetus.4750 Though this may be true
for oral anticoagulants it does not apply to
heparin, which does not improve the fetal
outcome and increases maternal mortality.
The choice of a bioprosthesis confers only

temporary advantage because accelerated
deterioration of bioprostheses in
pregnancy22 3851 52 may lead to early need for
re-operation. Nearly 60% of bioprostheses
failed in Bortolotti et ars series5' and 59%
required replacement in Badduke et als
series. Salazar et al found that 13% of bio-
prostheses had to be replaced 7-12 months
after delivery22 and primary valve dysfunction
needing replacement was reported in more
than a third of the patients in our survey.'8
The inevitable re-replacement carries an

unpredictable risk of death or disaster while
the children, for whom the choice of prosthe-
sis was made, are still young and dependent.
These mothers should understand why the
use of bioprostheses is otherwise confined to
the elderly or others whose life span is likely
to be shorter than that of their valve. They
should know that premature failure of bio-
prostheses is expected in young people and is
even more rapid in pregnancy and, impor-
tantly, that because re-operation is technically
more difficult than the first operation it
carries more risk and should not be under-
taken lightly.

Properly controlled trials of antithrombotic
therapy for women with mechanical heart
valve prostheses during pregnancy have not
been possible because of small numbers and
the many variables of valve type, site, and
size. Agreement has only been reached about
explaining the options to women before valve
replacement and before pregnancy.53
Whenever possible women with valve disease
should complete their pregnancies before
valves are replaced.
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